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New research indicates that the dramatic hormonal fluctuations that occur during pregnancy, birth and lactation may remodel the female brain, increasing the size of neurons in some regions and producing structural changes in others.

Some affected sites involve the regulation of maternal behaviors such as building nests, grooming young and protecting them from predators. Other affected regions, though, control memory, learning, and responses to fear and stress. Recent experiments have shown that mother rats outperform virgins in navigating mazes and capturing prey. These cognitive benefits appear to be long-lasting, persisting until the mother rats enter old age.

Although studies of this phenomenon have so far focused on rodents, it is likely that human females also gain long-lasting mental benefits from motherhood. Most mammals share similar maternal behaviors, which are probably controlled by the same brain regions in both humans and rats. In fact, some researchers have suggested that the development of maternal behavior was one of the main drivers for the evolution of the mammalian brain. The hand—or paw—that rocks the cradle indeed rules the world.

Rats raised in enriched sensory environments, surrounded by wheels, toys and tunnels, typically develop more intricately folded cortices than rats housed in bare cages. However, the cortices of pregnant rats from impoverished environments were just as complex as those of the female rats from enriched settings.  Some combination of hormones and fetus-related factors were most likely stimulating the pregnant rats’ brains.  
Alterations of the hippocampus, which regulates memory and learning as well as emotions, also occur.  Oxytocin, the hormone that triggers birth contractions and milk release, also appears to have effects on the hippocampus that improve memory and learning. 
Injections of oxytocin into the brains of virgin female mice improved their long-term memory, presumably by increasing enzyme activity that strengthened the neuronal connections. Conversely, injecting oxytocin inhibitors into the brains of mother rats impaired their performance on memory-related tasks.

Do any of these cognitive benefits extend beyond the lactational period? Mother rats up to two years old—equivalent to human females older than 60—learn spatial tasks significantly faster than age-matched virgin rats and exhibit less steep memory declines. At every age tested (six, 12, 18 and 24 months), the mothers were better than the virgins at remembering the locations of food rewards in mazes.

The Human Connection

Do human females receive any similar cognitive benefits from pregnancy and motherhood? Recent studies indicate that the human brain may undergo changes in sensory regulatory systems that parallel the alterations in other animals. Studies have pointed to a possible long-term effect of motherhood. As part of the New England Centenarian Study, Thomas Perls and his colleagues at Boston University found that women who had been pregnant at or after the age of 40 were four times more likely to survive to 100 than women who had been pregnant earlier in life. Perls interpreted the data to suggest that women who became pregnant naturally in their 40s were probably aging at a slower pace. However, it is also possible that pregnancy and the subsequent maternal experience may have enhanced the women’s brains at a crucial period when the menopause-induced decline in reproductive hormones was just starting. The cognitive benefits of motherhood may have helped offset the loss of the memory-protecting hormones, leading to better neural health and increased longevity.

Is it possible that motherhood provides an edge to women as they compete with others for limited resources? In her book The Mommy Brain, journalist Katherine Ellison documents many instances wherein the skills acquired through parenting might also aid women in the workplace. Successful leadership requires sensitivity to employee needs and a sustained vigilance of impending challenges and threats. But can these skills transfer from the nursery to the boardroom? Investigators have begun to focus on one skill that is traditionally associated with motherhood: the ability to multitask.

Do changes in the maternal brain allow mothers to balance competing demands—child care, work, social obligations and so on—better than nonmothers? Scientists do not yet know the answer, but studies indicate that the human brain is remarkably plastic: its structure and activity can change when a person is confronted with a challenge. Arne May and colleagues at the University of Regensburg found structural changes in the brains of young women and men who had learned how to juggle three balls in the air; the regions devoted to perception and the prediction of movement expanded after the subjects learned how to juggle, then contracted after they stopped practicing. Likewise, perhaps alterations occurring in the maternal brain enable the mother to juggle the demands of parenthood successfully.

Animal studies show that mother rats are particularly good at multitasking. Experiments in Lambert’s lab have demonstrated that mother rats nearly always beat virgins in competitions that involve simultaneously monitoring sights, sounds, odors and other animals. In a race to find a preferred food (Froot Loops), rats who had experienced two or more pregnancies were the first to attain the treat 60 percent of the time. Rats who had given birth just once won the prize 33 percent of the time, compared with only 7 percent for the virgin rats.

Finally, what about the paternal brain? Do fathers who care for offspring gain any mental benefits? Studies of the common marmoset, a small Brazilian monkey, may provide some insights.  Marmosets are monogamous, and both parents participate in the care of their offspring. In collaboration with Sian Evans and V. Jessica Capri of Monkey Jungle in Miami, Fla., Anne Garrett from Lambert’s lab tested mother and father marmosets on a “foraging tree” in which the monkeys had to learn which containers held the most food. Parents—both mothers and fathers—outperformed nonparents in the test. This result supported earlier studies that examined a mouse species (Peromyscus californicus) in which the male contributes significantly to parental care. In Lambert’s lab, Erica Glasper and other students found that father mice, like mothers, had an advantage in the dry-land maze; Ashley Everette and Kelly Tu showed that the fathers were quicker to investigate novel stimuli, such as Lego blocks, than their bachelor counterparts were.

In summary, reproductive experience appears to promote changes in the mammalian brain that alter skills and behavior, particularly among females. For the female, the greatest challenge from an evolutionary perspective is to ensure that her genetic investment flourishes. Maternal behaviors have evolved to increase the female’s chances of success. This does not mean that mothers are better than their virgin counterparts at every task; in all likelihood, only the behaviors affecting the survival of their offspring would be enhanced. Still, many benefits seem to emerge from motherhood as the maternal brain rises to the reproductive challenge placed before it. In other words, when the going gets tough, the brain gets going.
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